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(57) ABSTRACT

A hybnid gear train of a motor vehicle that has an internal
combustion engine with a drive shait, an electric motor with
a rotor that operate as a motor and a generator, a transmission
with two input shafts and an output shatt, as well as a differ-
ential transmission. At least one of the input shaits can be
connected, via an assigned de-coupler, to the drive shatt, both
of the input shafts can be connected by alternately assigned
gearwheel sets of different ratios and 1 each case one
assigned gear clutch to the output shaft. The differential trans-
mission 1s designed as a simple planetary gearset that 1s

coaxial with the first input shaft. The ring gear of this trans-
mission 1s rotationally fixed to the one 1nput shaft. The planet
carrier 1s rotationally fixed to the second input shaft, and the
sun gear 1s connected to and drives the rotor.

27 Claims, 9 Drawing Sheets
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HYBRID DRIVE TRAIN OF A MOTOR
VEHICLE

This application 1s a National Stage completion of PCT/
EP2007/063118 filed Dec. 3, 2007, which claims priority
from German patent application serial no. 10 2006 059 591.2

filed Dec. 16, 2006.

FIELD OF THE INVENTION

The mvention relates to a hybrnid drive train of a motor
vehicle that comprises an internal combustion engine with a
driveshatt, an electric motor that can be operated as an engine
and a generator and has a rotor, a multi-stage manual trans-
mission with two input shafts and one output shaift, as well as
a differential transmission, whereby at least one of the input
shafts can be can be connected to the driveshatt by means of
an assigned decoupler. Both mnput shafts can be selectively
connected to the output shait by means of alternately assigned
gearwheel sets of different ratios and respectively one
assigned gear clutch. The differential transmission 1s
designed as a simple planetary gearset that 1s arranged coaxi-
ally with the first mnput shatt. The ring gear thereof 1s con-
nected, 1n a rotationally fixed manner, to the one 1nput shaft,
its planet carrier 1s connected rotationally fixed manner to the

other mput shaft, and 1ts sun gear has a driving connection
with the rotor. Furthermore, the invention relates to a method
of controlling this kind of hybrid drive train.

BACKGROUND OF THE INVENTION

A hybnd drive traimn of a motor vehicle with a parallel
operating arrangement ol an internal combustion engine and
an electric motor can be, 1n connection with a manual trans-
mission arranged downstream 1n terms of drive technology,
constructed in such a geometrically simple way, that the elec-
tric motor 1s arranged coaxially on the mput shaft of the
transmission. The electric motor 1s rotationally fixed to the
input shaft of the transmission, and the driveshait of the
internal combustion engine can be connected to the input
shaft of the transmission via a controllable decoupler, that can
be engaged and disengaged.

In this case, the electric motor can be selectively shifted
without power during driving operation, for use as a generator
to charge an electrical energy store, or for use as an electric
motor for driving the motor vehicle. During motor operation,
the electric motor, with an engaged decoupler, particularly
during rapid acceleration and when driving up a steep incline,
can be used to support the internal combustion engine 1n
so-called boost operation, and with a disengaged decoupler,
particularly starting and when driving 1in inner-city areas with
limits on emissions, the electric motor can be used as the only
drive motor 1n purely electrical operation.

However, one disadvantage of this kind of hybrid drive
train 1s that the engine-speed level of the electric motor 1s
identical to that of the internal combustion engine, and the
clectric motor must therefore be constructed as relatively
large and heavy in order to achieve adequate output in the
clectrically powered mode. However, 1n connection with an
axially parallel arrangement of the electric motor and a drive
connection of the rotor of the electric motor to the input shatt
of the transmission by means of an mput stage with a high
rat10, such as a pair of spur gears or a continuously variable
transmission, the electric motor can be designed to have lower
output and be smaller 1n size. However, a significant disad-
vantage of this hybrid drive train is the interruption 1n the tlow
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of force during shifting operations, which results 1n poor
driving performance and less comfort.

Various forms of construction of hybrid drive trains have
therefore been proposed, 1n which the electric motor, 1n terms
of drive technology, 1s integrated by means of a differential
transmission with three drive elements, whereby the first
drive element has a drive connection with an input shatt of the
transmission that can be connected to the internal combustion
engine by means of a decoupler, the second drive element has
a drive connection with the rotor of the electric motor, and the
third drive element has a drive connection with an additional
transmission shaft of the gearshift, for example the output
shaft or a second 1nput shatt.

A first hybrid drive train of this type 1s described in DE 198
49 156 A1, with regard to the embodiment of the to Claims
and FIG. 2 i particular. The transmission 1n question features
an mput shait and an output shait which can be selectively
connected 1n each case with assigned gearwheel sets of dii-
ferent gear ratios by means of an assigned clutch. The drive-
shaft of the internal combustion engine can be connected by
means ol a controllable decoupler to the input shait of the
transmission. The electric motor 1s arranged coaxially in a
contact-free manner about the input shaft of the transmission.
The differential transmission 1s designed as a simple plan-
ctary gearset with a sun gear, a planet carrier that carries a
plurality of planetary gears whose gear teeth engage the sun
gear, and aring gear whose gear teeth engage one of the planet
gears, which 1s also arranged coaxially about the input shaft
of the transmission. The planet carrier forms the first drive
clement of the differential transmission and 1s rotationally
fixed with the input shaft of the transmission. The sun gear
forms the second drive element of the differential transmis-
sion and 1s rotationally fixed with the rotor of the electric
motor. The ring gear forms the third element of the differen-
tial transmission and has a drive connection to the output shaft
of the transmission by means of decoupling stage comprised
of a pair of spur gears.

The differential transmission forms a parallel power
branch to the gearshift, whereby the percentage or the mag-
nitude of the power transmission of the differential transmis-
sion can be regulated by activation of the electric motor.
During a shifting operation, it 1s provided that the torque of
the internal combustion engine 1s more or less completely
transmitted through the differential transmission before the
engaged gear under load 1s disengaged, the target gear i1s
synchronized, and then the next gear engaged. Then the elec-
tric motor 1s shifted without power and, 1n this way, the torque
of the internal combustion engine 1s again completely trans-
mitted via the gearshift to the output shaft.

However, because the synchronization of the target gear 1s
suppose to take place via the relatively sluggish engine con-
trol, there are long response times and a correspondingly high
clectric output of the electric motor 1n order to support the
torque that 1s transmitted. In order to enable the supporting
function, the electric motor must be designed for at least the
maximum torque of the internal combustion engine, reduced
by the effective ratio, because otherwise torque interruptions
could occur during the shifting operations. During normal
driving operation, 1.e., with an engaged decoupler and a gear
engaged 1n the transmaission, the electric motor can be used as
a generator for charging an electric energy storage or as an
engine to support the internal combustion engine. When the
transmission 1s in neutral, and the output shait 1s blocked, and
the internal combustion engine can be started using the elec-
tric motor. When the transmission 1s 1n neutral, with an
engaged or a missing decoupler, and a running 1internal com-
bustion engine, starting can take place using the electric
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motor by means of a continuous increase ol the support
torque, at least until synchronous operation of the clutch of
the first gear 1s reached, and the clutch can be engaged. Purely
clectric drive operation, with the electric motor as the only
drive engine, 1s possible with a disengaged decoupler and
with an engaged gear in the gearshift, but even with an
engaged first gear, particularly 1 order to start the vehicle,
this would produce an unfavorably low overall gear ratio of
the electric motor compared to the output shaft.

An additional hybrid drive train of this type 1s known from
EP 0 845 618 B1. The transmission described here features
two coaxially arranged input shatts that can be selectively
connected, 1n each case by means of an assigned clutch, with
the output shaft using alternately assigned gearwheel sets of
different ratios. The driveshait of the internal combustion
engine can be, 1n each case, connected to the two input shatts
by means of a controllable decoupler. The electric motor 1s
arranged axially parallel to the two mput shafts. The differ-
ential transmission 1s designed as a simple planetary gearset
with a sun gear, a planet carrier that carries a plurality of
planet gears whose teeth engage the sun gear, and a ring gear
whose gear teeth engage the planet gears, and the electric
motor 1s arranged about the first input shaft. The planet carrier
forms a first drive element of the differential transmission and
1s rotationally fixed to the first input shait of the gearshift. The
sun gear forms a second drive element of the differential
transmission and has a drive connection to the rotor of the
clectric motor by means of an input constant consisting of two
gearwheels. The nng gear forms a third drive element of the
differential transmission and 1s rotationally fixed to the sec-
ond mput wheel.

During normal drive operation, one decoupler 1s engaged
and a gear assigned to the respective input shaft 1s engaged.
The other decoupler can also be engaged, 1n which case the
differential transmission revolves 1n a fixed manner. In this
operating state, all of the gears assigned to the input shait 1n
question must be disengaged, otherwise the gearshift would
be locked. The rotational speed of the rotor of the electric
motor corresponds to the multiplication of the rotational
speed of the internal combustion engine determined by the
ratio of the mput constants. During this phase of operation,
the electric motor can be used as a generator for charging an
clectrical energy storage facility or as an engine to support the
internal combustion engine.

During a shifting operation from a gear under load
assigned to an input shait to a target gear assigned to the other
input shafit, 1t 1s provided that the electric motor 1s first shifted
without power. If the decoupler that 1s assigned to the other
input shait 1s engaged, 1t 1s disengaged. Then the clutch of the
target gear 1s synchronized using the electric motor and sub-
sequently engaged. Then the clutch of the gear under load 1s
controlled without load by means of the electric motor and
subsequently disengaged. Finally, the other input shaft 1s
accelerated or decelerated, using the electric motor, to the
synchronous rotational speed of the other assigned decoupler,
and then finally, the decoupler 1n question 1s engaged. After
the shifting operation, the electric motor can be shifted with-
out power or put into generator operation.

In this way, the shifting operations take place without inter-
ruption of traction, but are relatively elaborate and time-
consuming. Due to the external synchronization by the elec-
tric motor, the clutches can be designed as unsynchronized
claw couplings. However, because of the two decouplers, the
input constants, the axially parallel arrangement of the elec-
tric motor and the axially adjacent arrangement of the gear-
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wheel sets, the constructional complexity and construction
space requirements of this known hybrid drive train are unfa-
vorable.

SUMMARY OF THE INVENTION

Against this background, the objective of the invention s to
propose a hybrid drive train of a motor vehicle of the mitially
proposed type which, with a simple and space-saving con-
struction, will enable high overall gear ratio of the electric
motor 1n relation to the output shaft of the gearshift and show
improved controllability. Furthermore, a method of control-
ling the hybrid train of the mnvention will be specified.

The mvention mnitially relates to a hybrid drive train of a
motor vehicle that has an internal combustion engine with a
drive shatt, an electric motor that can be operated as an engine
and a generator with a rotor, a multi-stage gearshift with two
input shafts and one output shait, as well as a differential
transmission, whereby at least one of the mput shaits can be
connected to the driveshalt by means of an assigned decou-
pler. Both of the mput shaits can be selectively connected to
the output shait by means of alternately assigned gearwheel
sets of different ratios and, in each case, an assigned clutch,
and the differential transmission 1s designed as a simple plan-
ctary gearset, which 1s arranged coaxially about the first input
shaft. The rng gear of this planetary gearing 1s rotationally
fixed to one 1nput shatt. The planetary carrier of this planetary
gearing 1s rotationally fixed with the other input shatt, and the
sun gear of this planetary gearing has a drive connection with
the rotor.

In addition, 1t 1s provided in the case of this hybrid trans-
mission that only the first input shaft of the gearshift, which 1s
rotationally fixed with the ring gear of the planetary gearing,
can be connected to the driveshatt of the internal combustion
engine by means ol a decoupler, and that the gearshiit, as a
countershait transmission, with a coaxially stacked arrange-
ment of the two nput shaits, 1s designed with an arrangement
of the output shaift that 1s coaxially adjacent to this arrange-
ment of the two mput shafts, and with two countershafts, each
of which has a drive connection to one of the two input shatts
by means of a separate input constant. The gearwheel sets of
the gearshiit are arranged alternately on the first countershaft
and on the output shaft, as well as on the second countershatt
and on the output shait respectively.

Accordingly, the hybrid drive train of the imnvention features
two transmission branches for transmitting a torque from the
internal combustion engine to the output shait that 1s con-
nected to an axle drive, a driven vehicle axle or a central
differential. The first power branch comprises the decoupler,
the first iput shatt, the first input constant, as well as the
clutch and the gearwheel set of an engaged gear that is
assigned to the first input shaft. The transmission of torque,
via this first transmission branch, takes place purely mechani-
cally. With the rotational speed n;,, of the driveshait of the
internal combustion engine, the rotational speed n,;, of the
output shaft of the gearshift, the ratio of the first imnput con-
stant 1..-,, which 1s connected to the first input shaft and with
the ratio of the gearwheel set of an engaged gear 1., that 1s
assigned to the first input shafit, the ratio between the internal
combustion engine and the output of the gearshiit 1s:

! g
Npad s lEr TGl

The second transmaission branch comprises the decoupler,
the first input shaft, the rning gear, and the planet carrier with
the planetary gears of the planetary gearset, the second input
shaft, the second input constant, and the clutch, and the gear-
wheel set of an engaged gear that 1s assigned to the second




US 8,075,436 B2

S

input shatt. The transmission of a torque by this second trans-
mission branch also takes place mechanically i principal.
However, for transmission of the torque via the planetary
gearing, support for the sun gear 1s required from the electric
motor with which 1t 1s 1n drive connection. In this way, the
torque that 1s transmitted via the second transmission branch
can be regulated by means of the electric motor, which results
in advantageous control characteristics. With the ratio of the
second input constant that 1s connected to the second 1nput
shaft 1., the ratio of the gearwheel set of an engaged gear
1-+ assigned to the second input shaft, and with the stationary
gear ratio 1., of the planetary gearing, the ratio between the
internal combustion engine and the output shaft of the gear-
shift, with exact support, 1.e., when the sun gear of the plan-
ctary gearing 1s at a standstill:

Ry P o= (1 +1/ig,) %l g5 ™l o

In purely electrical operation, torque of the electric motor
1s induced by means of the sun gear into the planetary gearset,
and from there, with a disengaged decoupler and with one
engaged gear 1n each case, the torque 1s transmitted via both
transmission branches to the output shatt, which produces the
elfective ratio from the combination of the ratios of the gear-
wheel sets of the two engaged gears, the ratios of the two input
constants, and the stationary gear ratio of the planetary gear-
ing. The rotational speed conditions, 1n the planetary gearset,
are generally given with the rotational speed of the sun gear
n., the rotational speed of the planetary carrier n,,. and the
rotational speed of the ring gear n,, by means of the equation:

ne=(1+is,)* npr—is, 1y

Hence, the ratio between the sun gear of the planetary gearset
that 1s 1n drive connection with the rotor of the electric motor

and the output shaft of the gearshiit 1s:

_ ST ¥ * ¥ iy
NN~ (1+is) ™ ipro " io—ls px Lo

With an appropriate selection of ratios, particularly of the
gearwheel sets and their assignment to the two mput shafts, an
extremely high gear ratio can be achueved that 1s particularly
suitable for electromotor starting with a high starting load. In
addition, the countershaft construction of the gearshiit results
in a coaxial arrangement of the driveshait of the internal
combustion engine and the output shaft of the transmission
that 1s particularly advantageous for the longitudinal instal-
lation of the hybrid drive train, as well as resulting 1n compact
dimensions of the hybrid drive train, particularly in an axial
direction.

In order to achieve the most compact dimensions possible
for the hybrid drive train, the electric motor i1s preferably
arranged coaxially about the first input shaft, whereby the
rotor of the electric motor 1s directly rotationally fixedly to the
sun gear ol the planetary gearset. The rotational speed of the
rotor of the electric machineng, .1s then equal to the rotational
speed of the sun gear of the planetary gearset n., so that the
ratio between the rotor of the electric motor and the output
shaft of the gearshift, with one engaged gear in each trans-
mission branch respectively, 1s given as:

— : - ) 1 kY ¥
e a1 H e ) g M gon—is, g G-

In order to guarantee, with this arrangement, the transmission
of the maximum torque M, , ... of the internal combustion
engine via the second transmission branch, the electric motor
shows a maximum torque M,,, . which corresponds at
least to the part of the maximum torque M,,, . . of the
internal combustion engine that is formed with the stationary

gear ratio 1., of the planetary gearing (My,, ,  >=1/
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However, 1n order to construct the electric motor in such a
way that 1t produces even weaker torque and can thus be
smaller and lighter than the previously described embodi-
ment, 1t 1s possible to arrange the electric motor axially par-
allel adjacent to the first input shatit, whereby the rotor of the
clectric motor, by means of an input constant with a ratio 1,
greater than One 1s 1n drive connection with the planetary
gearing (1..~>1.0).

As the rotational speed n.,, of the rotor of the electric
machine amounts to the multiple of the rotational speed of the
sun gear of the planetary gearing n. that 1s formed with the
ratio of the input constants 1., the ratio between the rotor of

the electric motor and the output shaft of the gearshift, with a
gear engaged 1n both transmission branches in each case, 1s
grven as:

Nevdhoaler (1 Hs) i g oo s Mg T 1<)

The associated 1mput constant 1s preferably constructed as a
gearwheel pair comprised of two spur gears; alternatively, 1t
can be constructed as a belt drive or a chain drive. In order to
achieve, with this arrangement, the transmission of the maxi-
mum torque M., , _of the internal combustion engine via
the second transmission branch, the electric motor advanta-
geously has a maximum torque of M_,, . . which corre-
sponds to at least the part of the maximum torque M, . . of
the internal combustion engine that is formed by the product
of the rati10 1,.,- of the input constants of the electric motor and
the stationary gear ratio 1, of the planetary gearing £
(Mgar_ma™ V5™ 12" Mpas i)

When there 1s torque support for a torque transmitted by the
planetary gearset, there 1s nominally no output, because the
sun gear 1s at a standstill. But electric output is still consumed
in the electric motor 1n order to produce the required torque
support for the sun gear due to the ohmic resistances 1n the
exciter winding, which, at least over an extended period of
time, 1s disadvantageous. It 1s therefore advantageous for
extended operating phases with power transmission by means
of the same gear of the second transmission branch, 1.e., for
stationary support of a transmitted torque, 1f a controllable
brake 1s arranged between the sun gear of the planetary gear-
ing or the rotor of the electric motor, along with a component
that 1s fixed to the housing. This brake 1s advantageously
engaged during stationary driving with a gear assigned to the
second input shaft, 1.e., outside of acceleration and delay
phases that are associated with shifting operations, thereby
avoiding the cited energy consumption of the electric
machine.

In the transmission, the gearwheels of the odd numbered
gears are arranged on the first countershaft and the output
shaft, and are therefore assigned to the first input shaift; and
the gearwheels of the even numbered gears, as well as a
reversing stage are arranged on the second countershait and
on the output shaft, and are therefore assigned to the second
input shait.

In this way, with a simultaneously engaged first gear and an
engaged reversing stage, a particularly large gear ratio 1s
produced between the rotor of the electric motor and the
output shaft, which 1s particularly suited for starting, using
the electric motor, with a heavy starting load. In addition, in
this case, the torques transmitted i1n both transmission
branches have a driving effect on the output shafit, so that there
1s no 1dle power that reduces the effectiveness of the power
transmission. The reversing stage does notnecessarily have to
be configured as a reverse gear with a high negative ratio,
because starting in reverse using the electric motor can take
place with the same overall gear ratio as with the correspond-
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ing forward-starting operation by simply reversing the rota-
tional direction of the electric motor.

In order to achieve a particularly compact method of con-
struction of the gearshift, and thus the entire hybrid drive
train, the input constants of the two countershaits, which are
in each case designed as a pair of spur gears, advantageously
have aratio that1s larger than one (1,.,>1.0; 1,.,-,>1.0). In this
way, the ratios of the gearwheel sets can be correspondingly
smaller, and in that way, the radial distance between the
countershafts and the output shait reduced.

In addition, the gearwheels sets are 1 each case con-
structed of a fixed wheel that 1s attached to the output shaft in
a rotationally fixed manner and an idler wheel that 1s rotation-
ally fixed to the assigned countershatt, and the idler wheels
can 1n each case be connected by means of an assigned gear
clutch to the assigned countershaft, whereby the gear clutches
in each case are combined 1n pairs in common shift packs. The
gearset of the reversing stage, in the known manner, has an
additional intermediate wheel for reversing the direction of
rotation that 1s arranged on a separate shatt.

Arranging the clutches on the countershatt results, on the
one hand, 1n the best possible nesting of the gearwheel set
with the smallest possible axial distance between the gear-
wheel sets, as well as the best possible accessibility of the gear
clutches, for example by means of the shift forks of the shait
rods. Similarly, this also makes 1t possible to have at least one
gearwheel set that 1s arranged on the first countershait and one
gearwheel set that 1s arranged on the output shaft, as well as
one gearwheel set that 1s arranged on the second countershaftt
and one gearwheel set that 1s arranged on the output shaft to
be arranged 1n the same axial position and to have a common
fixed wheel.

It 1s also an advantage to have a direct gear clutch arranged
between one of the two 1nput shaits and the output shaift, by
which means, 1n a simple and space-saving way, a direct gear
with the ratio 1=1.0 1s created, and a corresponding gearwheel
set can be dispensed with.

In order to conserve energy for reciprocal support during
clectric-motor drive mode and 1n order to avoid the 1dle power
associated with 1t, a controllable brake can be arranged on
cach of the two countershaits 1n order to support the torque
transmitted by the other input shaft. This brake has a connec-
tionwith a component that 1s fixed to the housing. If one of the
two brakes 1s engaged, and 1n that way the assigned input
shaft 1s stopped by the housing through the assigned counter-
shaft and the respective input constant, the planetary gearset
operates as a stationary transmission with a fixed ring gear, or
with a fixed planetary gearset. In order to keep the mstallation
space for the two brake clutches as small as possible, they are
preferably 1dentical in structure and arrangement to the cited
clutches and incorporated 1n terms of control technology into
the actuation of the clutches.

Below 1s a description of how the hybrid drive train of the
invention can be operated.

For starting with the electric motor, 1t 1s provided that the
decoupler 1s disengaged, that a clutch of a gear assigned to the
first input shaft and a clutch of a gear assigned to the second
input shait are engaged, and that subsequently, the electric
motor 1s accelerated during engine operation, whereby the
selection of the two gears to be engaged 1s done indepen-
dently of the starting load.

When there 1s a high starting load, as for example when
starting on an incline with a heavy vehicle payload, the clutch
of the lowest gear of the first input shait and the clutch of the
reversing stage of the second 1nput shaft are engaged, and the
electric motor, 1n relation to the rotational direction of the
driveshait of the internal combustion engine, 1s accelerated
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forward when starting 1n a forward direction and in reverse
when starting 1n a reverse direction. In this way, there 1s the
greatest possible reduction between the rotor of the electric
motor and the output shaft of the gearshiit, and both trans-
mission branches have a drive effect on the output shafit, in
this way avoiding 1dle power and achieving a greater degree
of transmission efliciency.

With a direct connection of the rotor of the electric motor to
the sun gear of the planetary gearset, and with a stationary
gear ratio of the planetary gearing of 1.,=3.0, a ratio of the
input constants of the first input shaft of 1..,=2.5, a ratio of
the gearwheel set of the first gear assigned to the first input
shaft ot 1,5,=2.4, a ratio of the input constants of the second
input shattot1,,,=1.28, and a ratio of the gearwheel set of the
reversing stage assigned to the second input shaft of 1,=—0.88,
there 1s, for example a resulting ratio of:

_ VK ke g kg ke
Mo~ 1 Hs) g M p—1s,  gr1 "G =22.5.

With a medium starting load, such as when starting on level
ground with a medium-sized load, the clutch of the lowest
gear of the first input shait and the clutch of the highest gear
of the second mput shaft are engaged, and the electric motor,
in relation to the rotational direction of the driveshaift of the
internal combustion engine 1s accelerated 1n forward direc-
tion 1n the case of a forward start, and 1n reverse direction
when starting in reverse.

This results 1n an intermediate ratio between the rotor of the
clectric motor and the output shaift of the gearshift, and 1dling
results from partial reaction coupling of the transmitted
torque. With a direct connection of the rotor of the electric
motor to the sun gear of the planetary gearset, and with a
stationary gear ratio of the planetary gearset of1.=3.0, a ratio
of the input constants of the first input shaft of 1,..,=2.5, a
ratio of the gearwheel set of the first gear assigned to the first
input shaft of 1,,=2.4, a ratio of the input constants of the
second input shaft of 1..,=1.28, and a ratio of the gearwheel
set of the fourth gear, which 1s assigned to the gearwheel set
of the second input shatt, o11,.,=0.82, there 1s, for example, a
resulting ratio of:

— S 7 Wy *y
Mo~ 1+is) ipro ™ ga—is, i gr "ig=13.8.

With a low starting load, as 1s the case, for example, when
starting on a gradient or on level ground with a low payload,
the clutch of the highest gear of the first input shaft and the
clutch of the lowest gear of the second input shaft are
engaged, and the electric motor, 1n relation to the rotational
direction of the driveshatt of the internal combustion engine,
1s accelerated 1n forward direction in the case of a forward
start, and 1n reverse direction 1n the case of a start in the
reverse. This results 1n a relatively lower ratio between the
rotor of the electric motor and the output shatt of the gearshitt,
and 1dling results from partial reverse coupling of the trans-
mitted torque.

With a direct connection of the rotor of the electric motor to
the sun gear of the planetary gearset and with a stationary gear
ratio of the planetary gearing ot 1,,=3.0, and a fifth gear of the
first input shaft that 1s configured as direct gear with the ratio
1--=1.0, aratio of the input constants of the second input shaft
of 1..,=1.28, and a ratio of the gearwheel set of the second
gear assigned to the second 1nput shaft of 1,,,=1.94, there 1s,
for example, a resulting ratio of:

_ VK 7 S
N~ 1He) g ro o151 65=0.9.

For electric motor starting, a brake clutch assigned to the
first input shaft can be engaged instead of a clutch of the first
input shaft. In that way, the planetary gearset becomes a
stationary transmission with arrested ring gear, and the fol-
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lowing applies between the rotational speed of the sun gearn.
and the rotational speed of the planetary gearset n .

ne=(1+ig)*npr

With a direct connection of the rotor of the electric motor

with the sun gear of the planetary gearset and with a stationary
transmission of the planetary gearset ot 1.,=3.0, a ratio of the

input constants of the second mnput shatt of 1..,=1.28, and a
ratio of the gearwheel set of the second gear assigned to the
second 1input shaft ol'1,,=1.94, there 1s, for example, a result-
ing ratio of:

Repe M aa— 1 +is) *ip g ¥ 65=9.9.

In the same way, for starting with the electric motor, a brake
clutch assigned to the second input shaft can be engaged
instead of a clutch of the input shatt. In that way, the planetary
gearset becomes a stationary transmission with an arrested
planet carrier, and the following applies between the rota-
tional speed of the sun gear n. and rotational speed of the ring,
gear Ny

— %k
He——lg, Hyr

With a direct connection of the rotor of the electric machine
to the sun gear of the planetary gearset, and with a stationary
gear ratio of the planetary gearset of 1,=3.0, a ratio of the
input constants of the first input shaft of 1..,=2.5, and a ratio
ol the gearwheel set of the first gear assigned to the first input
shatt ot 1,,,=2.4, there 1s then, for example, a resulting ratio

of:

— 4 ¥ —
R aa=ls g igi——18.0.

If the drive torque of the electric motor 1s mnsuilicient for a
desired starting acceleration, for example due to msuificient
charging of the assigned electrical energy store, the electric
motor can be supported, with the internal combustion engine
operating, by means of an at least partial engagement of the
decoupler of the imternal combustion engine.

With suificient electrical energy, the previously shifted-off
internal combustion engine will preferably be impulse-
started by engaging the decoupler when a predefined mini-
mum rotational speed of the first input shaft of the internal
combustion engine has been reached or exceeded.

Load assumption by the internal combustion engine gen-
erally occurs by means of the first input shatit of the decoupler
being engaged when the first input shait reaches the rotational
speed of the mnternal combustion engine, and by the torque of
the internal combustion engine being increased and the
torque of the electric motor being reduced to zero, under some
circumstances, 1 a temporally overlapping manner. From
this, i1t also follows that the gear engaged 1n the first transmis-
sion branch, 1.¢., the gear assigned to the first input shaft, 1s
selected 1n such a way that after load assumption by the
internal combustion engine, the desired gradeability and
acceleration capability of the motor vehicle 1s available.

Outside of the acceleration and delay phases 1n connection
with shifting operations, 1.¢., 1n largely stationary drive opera-
tion, a brake clutch assigned to the electric motor will advan-
tageously be engaged 1n order to support a torque transmitted
from the internal combustion engine via the second input
shaft, and consequently electric power dissipation due to
ohmic resistance will be avoided.

Starting the vehicle using the internal combustion engine,
which 1s done particularly when the electric energy store 1s
almost empty, 1s preferably accomplished by engaging the
clutch of the lowest gear of the second input shait after start-
ing the internal combustion engine during forward starting,
and when starting 1n reverse, by engaging the clutch of the
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reversing stage of the second 1nput shaft, and after that, by
engaging the decoupler, and that after that, by decelerating
the electric motor in generator operation while at the same
time 1ncreasing the torque of the internal combustion engine
and the regenerative torque of the electric motor until the
clectric motor comes to a standstill.

After that, the electric motor 1s appropriately accelerated
turther, during engine operation, until synchronous operation
of the clutch of the next higher gear of the first input shaift 1s
achieved, the clutch concerned then being engaged. The elec-
tric motor then 1s shifted without power, and the gear of the
lowest gear of the second 1nput shait 1s disengaged.

When the internal combustion engine 1s 1n operation, a gear
change from a gear under load of the first input shait to a target
gear ol the second input shatt takes place 1n such a way that
initially, the countershait of the target gear 1s accelerated,
using the electric motor, until the clutch of the target gear
reaches the synchronous rotational speed. Then the clutch of
the target gear 1s engaged, and that after that, the supporting
torque of the electric machine 1s increased until the clutch of
the gear under load can be disengaged without power.

In contrast, a corresponding change of gear from a gear
under load of the second 1nput shaft to a target gear of the first
input shaft takes place 1n such a way that mitially, the coun-
tershaft of the target gear 1s decelerated until the synchronous
rotational speed of the clutch of the target gear during upshiit-
ing 1s reached by increasing the torque support of the electric
motor, and then the countershait of the target gear 1s acceler-
ated by reducing the torque support of the electric motor, and
then the clutch of the target gear 1s engaged, and then the
clectric motor 1s shifted without power and the clutch of the
gear under load 1s disengaged.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of clarifying the invention, drawings with
embodiments are added to the description, wherein:

FIG. 1 1s a schematic presentation of a first embodiment of
a hybrid train of the invention;

FIG. 2 1s the tlow of force 1n the hybrnd drive train accord-
ing to FIG. 1 with an electric motor starting operation;

FIG. 3 1s a first turther development of the hybrid drive
train according to FIG. 1;

FIG. 4 15 a second further development of the hybrid drive
train according to FIG. 1;

FIG. 5 1s a second embodiment of the hybrid train of the
invention 1n a schematic presentation;

FIG. 6 1s the flow of force 1n the hybrid drive train accord-
ing to FIG. 5 with an impulse-start of the internal combustion
engine;

FIG. 7 1s a third embodiment of the hybrid train of the
invention 1n a schematic presentation;

FIG. 8 1s the flow of force 1n the hybrnd drive train accord-
ing to FIG. 7 with an electric-motor starting operation; and

FIG. 9 15 a further development of the hybrid drive train
according to FIG. 7.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
=]

ERRED

In FIG. 1, a first embodiment of the hybrid train of the
invention 1.1 1s shown in schematic form. This hybrid drive
train 1.1 comprises an internal combustion engine VM with a
driveshait 4, an electric motor EM that can be operated as a
motor and a generator, with a stator 5 and a rotor 6, a multi-



US 8,075,436 B2

11

step transmission 7 with two mput shafts GE1, GE2, and an
output shait GA, and a differential transmission with three
drive elements.

The first mput shaft GE1 of the transmission 7 can be
connected to the driveshait 4 of the internal combustion
engine VM by means of an assigned decoupler K. The differ-
ential transmission 8 1s designed as a simple planetary gearset
9 with a sun gear S, a planet carrier P1, and a ring gear H,
whereby the planet carrier PT carries a plurality of rotateable
planetary gears P, each of which is 1 interlocking engage-
ment with the sun gear S and the nng gear H. The planetary
gearset 9 1s arranged coaxially about the first input shaft GE1.
Thering gear H 1s rotationally fixed to the first input shatt GE
1 of the transmission 7, the planet carrier PT 1s rotationally

fixed to the second mnput shait GE2 of the gearshift 7, and the

sun gear S 1s rotationally fixed with the rotor 6 of the electric

motor EM.

The transmission 7 1s designed as a countershaft transmis-
sion with a coaxially stacked arrangement of the two coun-
tershafts GE1 and GE2, with an arrangement of the output
shaft GA arranged coaxially adjacent to that, and with two
countershatts VG1, VG2 which, in each case, have a drive
connection with one of the two mput shaits VG1, VG2 by
means ol an input constant EK1 or EK2, whereby the two
input constants EK1, EK2 are comprised, 1n each case, of a
gearwheel pair, each having a ratio greater than one
(1.-1>1.0;1,..,>1.0). The second input shatt GE2 1s designed
as a ring shaft and 1s arranged coaxially about the centrally
arranged first input shait GE1.

The transmission 7 has five forward gears G1 to G5 and a
reversing stage R. The odd gears G1, G3, G5 are assigned to
the first input shaft GE1, 1n that 1n each case a gearwheel set
of the first gear G1 and the third gear G3, which are 1n each
case comprised of an 1dler gear and a stationary gear, are
arranged on the first countershait VG1 or on the output shaft
GA. The stationary gears of the first gear G1 and the third gear
(G3 are arranged rotationally fixed on the output shait GA. The
idler wheels of the first gear G1 and the third gear G3 are
rotatably mounted on the first countershait VG1 and can be
selectively connected by means of assigned clutches that are
combined 1n a common shift pack S1 to the first countershatt
VG1. The fifth gear 1s configured as a direct gear and can be
engaged and disengaged by means of a clutch S2' that 1s
arranged between the first input shaft GE1 and the output
shait GA.

The even gears G2 and G4, and the reversing stage R are
assigned to the second input shatt GE2 in that, in each case,
one gearwheel set of the second gear G2, the fourth gear G4,
and the reversing stage, which in each case include one 1dler
gear and one stationary gear, are arranged on the second
countershatt VG2, or the output shait GA. The gearwheel set
of the reversing stage R also has an additional intermediate
wheel 10 for reversing the rotational direction. The stationary
wheels of the second gear G2, the fourth gear G4, and the
reversing stage R are arranged rotationally fixed on the output
shaft GA. The idler wheels of the second gear G2, the fourth
gear G4, and the reversing stage R are rotationally arranged
on the second countershaft VG2 and can be selectively con-
nected by means of assigned clutches of the second counter-
shaft VG2. The clutches of the second gear G2 and the fourth
gear G4 are combined 1n a common shift pack S3, whereas 1n
contrast, the clutch S4' of the reversing stage 1s separately
arranged. The gearwheel sets of the first gear G1 and the
second gear G2, as well as the gear sets of the third gear G3
and the fourth gear G4, are each arranged in the same axial
position and have a common stationary wheel 11, 12.
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By means of the design and arrangement of the electric
motor EM, the differential transmission 8, and the transmis-
sion 7, the hybrid drive train 1.1 has varied control possibili-
ties with compact dimensions. For driving operation with the
internal combustion engine, two transmission branches are
available for transmitting a torque from the internal combus-
tion engine VM to the output shatft GA. The first transmission
branch runs from the decoupler K through the first input shaft
GE1, the assigned mput constant K, and the gearwheel set of
the engaged gear (01, or G3, to the output shait GA, and with
the fifth gear G35 engaged dlrectly from the first mnput shaft
GE1 to the output shait GA.

The second transmission branch runs from the decoupler K
through the first input shaft GE1, the ring gear H, the plan-
ctary gears P, and the planet carrier PT of the planetary gearset
9, the second 1nput shait GF2, the assigned input constant
EK2 and the gearwheel set of the engaged gear G2, or G4, or
the reversing stage R, to the output shait GA, whereby the
torque that 1s transmitted by the planetary gearset must be
supported by a corresponding torque, which 1s produced by
the electric motor EM, by means of the sun gear S of the
planetary gearset.

During transmission of a torque via the {irst transmission
branch, with an engaged gear of the second transmission
branch, the electric motor EM can, 1f required, be operated as
a generator for charging an electric energy storage or as a
motor for supporting the internal combustion engine VM.
During upshifting and downshifting, there 1s shifting between
the two transmission branches, whereby the synchronization
of the target gear that 1s to be engaged and the load transfer
from the transmission branch with the disengaged gear under
load to the transmission branch with the target gear that 1s to
be engaged, 1s controlled by means of the electric motor EM.
In this way, the shifting operations take place without inter-
ruption of traction. Due to the outside synchronization by
means of the electric motor EM, the clutches of the gearwheel
sets can be designed as unsynchronized claw couplings which
save cost and installation space compared to other clutches.

During electric-motor drive operation, power 1s transmit-
ted from the electric motor EM 1n two transmission branches
that are parallel to one another. The first transmission branch
runs from the sun gear S, via the planet gears P and the ring
gear H of the planetary gearset 9, and, onward via the first
input shait GE1 to the assigned mput constant EK1, and the
gearwheel set of the engaged gear G1 or G3 to the output shait
GA; with the engaged gear G5, directly from the first input
shaft GE1 to the output shait GA. The second transmission
branch runs from the sun gear S, via the planetary gears P and
the planet carrier PT of the planetary gearset 9, onward via the
second input shait GE2, the assigned mnput constant EK2, and
the gearwheel set of the engaged gear G2, or G4, of the
reversing stage R to the output shaft GA.

Electric-motor operation 1s provided as the preferred
option for starting the vehicle, whereby the selection of the
gears engaged in the two transmission branches 1s deter-
mined, in each case, by the charging state, a load condition,
and inclination of the roadway. By assigning the lowest for-
ward gear (51 to the first transmission branch and the revers-
ing stage R to the second transmission branch, a particularly
high ratio, between the electric motor EM and the output shaft
GA, 1s obtained from engaging the gears G1, R, whereby the
flow of force, 1n both transmission branches, runs from the
clectric motor EM, or the sun gear S of the planetary gearset
9, to the output shaft GA. In this way, there i1s not any 1dle
power that degrades the degree of transmission etficiency.

In FIG. 1, using the corresponding assembly of the hybrid
drive train 1.1, output data and rotational speed ranges of the
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internal combustion engine VM and the electric motor EM,
typical of a city bus, are specified as well as ratio values of the
planetary gearset 9, the two input constants EK1 and FK2,
and the gearwheel sets. Thus, the internal combustion engine
VM can have an output of 228 kW and a maximum torque of
1400 Nm. The electric motor 1s constructed 1n such a way that
it has an output of 100 kW and a maximum torque of 500 Nm
and 1t can be operated within a rotational speed range of
+/—4000 revolutions per minute. The stationary gear ratio of
the planetary gearset 1s 3.0, and the ratio values of the trans-
mission gears are: 2.4 in the 1% gear, 1.94 in the 2" gear, 0.96
in the 3’ gear, 0.82 in the 4” gear, 1.0 in the 5% gear, —0.88 in
the reverse, with 2.5 as the input constant EK1, and 1.28 as the
input constant EK2.

In FIG. 2, in the hybrid gear train 1.1 according to FIG. 1,
the flow of force from the electric motor EM to the output
shaft GA for an electric-motor starting operation 1s shown
with arrows. In order to achieve a high overall gear ratio, the
clutches of first gear G1 that is asmgned to the first input shaift
GE1 and the clutches of the reversing stage R, which 1is
assigned to the second input shaft GE2, are engaged. Using
the ratio values of FIG. 1 produces the effective overall gear
ratio:

_ SRt ¥ e 7 S I
NEaaa=(1+ig)  ipr Mp—1s, M pr ¥ig1=22.5,

in which n, ,stands for the rotational speed of the rotor of the
clectric motor EM, n, , for the rotational speed of the trans-
mission output shatt GA, 1., the term for the stationary ratio ot
the gearshift; 1., Or 1. for the ratio of the input constant
EK1, or EK2M; 1,, for the ratio of the reversing stage; and 1,
tor the value of the ratio of the gearwheel set of the first gear
G1.

The minus sign means that the rotational direction of the
rotor 6 of the electric motor EM and that of the output shaft
G A of the gearshift 7 are opposite. This means that the electric
motor EM, 1n relation to the rotational direction of the drive-
shaft 4 of the internal combustion engine VM, must be accel-
erated 1n reverse during forward drive and accelerated for-
ward when driving 1n reverse.

In the embodiment of hybrid drive train 1.2 according to

FI1G. 3, the electric motor EM', 1n contrast to the embodiment
according to FIG. 1, 1s arranged axially parallel adjacent to
the first input shaft GE1, and the rotor 6 of the electric motor
EM' 1s in drive connection with the sun gear S of the planetary
gearset 9 by means of an input constant EK with the ratio
1.~=2.0that 1s formed by a pair of gearwheels. In this way, the
clectric motor EM', with simultaneous doubling of the rota-
tional-speed range, can be designed to produce half as much
torque and be correspondingly smaller, lighter and more cost-
eificient.
In the embodiment of the hybrid drive train 1.3 according
to FIG. 4, in contrast to the variation according to FIG. 1, a
brake B 1s also provided which 1s arranged between a com-
ponent that 1s fixed to the housing, between the sun gear S of
the planetary gearset 9 or the rotor 6 of the electric motor EM,
and a component 13 that 1s fixed to the housing. The brake B
1s preferably engaged during internal-combustion engine
drive operation with a stationary torque transter, via the sec-
ond transmission branch, which causes mechanical arrest of
the sun gear S. In that way, the electromagnetic support of the
transmitted torque to the sun gear S by means of the electric
motor EM and the electric power loss can be avoided.

A second construction variant of the hybnd train of the
invention 2.1 i1s presented in schematic form 1 FIG. 3. In
contrast to the first embodiment according to FIG. 1, the
arrangement ol the gearwheel sets 1 the transmission 7' 1s

axially reversed. In addition, an additional gearwheel set of a
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sixth gear G6 1s provided, which 1s arranged between the
second countershaft VG2 and the output shait GA, axially
between the gearwheel sets of the fourth gear G4 and the
reversing stage R. The stationary gear of the sixth gear G6 1s
rotationally fixed with the output shait GA. The idler gear of
the sixth gear (56 1s rotationally arranged on the second coun-
tershaft VG2 and can be connected, by means of an assigned
clutch, to the second countershaft VG2. The clutch of the
sixth gear G6 1s combined with the clutch of the reversing
stage R 1n a common shiit pack S4.

In FIG. 5, using the corresponding assembly groups of the
hybrid drive train 2.1, output data for the internal combustion
engine VM and the electric motor EM, typical of a medium-
class passenger car, are provided as well as the ratio values of
the planetary gear set 9, the input constants EK1, EK2, and
the gearwheel sets. Thus the internal combustion engine VM
can have an output of 100 kW and a maximum torque of 200
Nm at 1000 revolutions per minute, or 320 Nm at 3000
revolutions per minute. The electric motor EM 1s constructed
in such a way that 1t has an output of 110 kW and a maximum
torque of 25 Nm so that 1t can be operated within a rotational
speed range of +/-3000 revolutions per minute. The station-
ary gear ratio of the planetary gearset 1s 3.0 and the ratio
values of the transmission gears are: 1.8 in the 1% gear, 1.8 in
the 27 gear, 1.00 in the 37 gear, 1.00 in the 4” gear, 1.0 in the
5% gear, 0.6 in the sixth gear, —1.6 in the reversing stage, with
1.75 as the mput constant EK1, and 1.75 as the input constant
EK2.

In FIG. 6, 1n the hybnd gear train 2.1 according to FIG. 2,
for an 1impulse start of the internal combustion engine VM
during an electric-motor starting operation, the flow of force
from the electric motor EM to the output shaft GA and to the
first 1input shait GE1, or to the decoupler K, 1s shown with
arrows. In this way, a significant flow of force passes via the
planetary gears P and the planetary carrier PT of the planetary
gearset 9, the second input shaft GE2, the second 1nput con-
stant EK2, the second countershait VG2, and the gearwheel
set of the engaged second gear G2 to the output shaft GA. The
largest part of this torque 1s conveyed via the gearwheel set of
the engaged first gear (51, the second countershaft VG1, and
the first input constant EK1 to the first input shait GE1 and
split there 1nto a partial torque required for the torque equi-
librium of the planetary gearset 9 1n the nng gear H of the
planetary gear set, as well as 1to a partial torque that 1s
transmitted via the decoupler K for the impulse-start of the
internal combustion engine VM. In the case of a greater
torque, such as that required for the impulse-start of the
internal combustion engine VM, a greater share of the torque
can be drawn, during deceleration of the motor vehicle by
means of the output shait GA, from the resulting torque of
inertia of the motor-vehicle weight, as well as from the rotat-
ing masses of the drive train, and transierred, via the back-
coupling branch, into the first input shatt GE1.

A third embodiment of the hybrid train of the invention 3.1
1s shown 1n schematic form in FIG. 7. The geometric con-
struction of this variation largely corresponds to that of the
firstembodiment according to FIG. 1. In contrast, however, 1n
this case the gearwheel sets of the forward gears G1, G3, and
(G2, G4 are, 1n each case, arranged 1n an axially iverted
manner; the clutches of the second gear G2 and the reversing
stage R are combined 1n a common shift pack S3', and the
clutch S4" of the fourth gear G4 1s arranged separately. In
addition, the gearwheel sets of the first gear G1 and the
reversing stage R, as well as the gearwheel sets of the second
gear G2 and the third gear G3 are each arranged 1n the same
axial position and have, 1n each case, a common stationary
gear 14 or 15.
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However, the output data for the corresponding assembly
groups of the hybrid drive train 3.1 of the internal combustion
engine VM and the electric motor EM, as well as the ratio
values of the planetary gearset 9, the input constants EK1,
EK2, and the gearwheel sets correspond, as 1n FI1G. 5, to those
of a medium-class passenger car. Thus, the internal combus-
tion engine VM can have an output of 100 kW and a maxi-
mum torque of 200 Nm at 1000 revolutions per minute, or 320
N _ 3000 revolutions per minute. The electric machine NM
1s constructed in such a way that 1t has an output of 110 kW
and a maximum torque of 25 Nm, and can be operated 1n a
rotational-speed range of +/-3000 revolutions per minute.
The stationary ratio of the planetary gearing amounts to 3.0
and the ratio values of the gears are as follows: 1.8 in the 1*
gear, 1.0 in the 27 gear, 1.0 in the 37 gear, 0.6 in the 4” gear,
1.0 in the 57 gear, —1.45 in the reversing stage R, with 1.75 as
the iput constant EK1, and 1.3 as the input constant EK2.

In FIG. 8, 1n the hybrid drive train 3.1 according to FIG. 7,
for an electric-motor starting operation, the flow of force from
the electric motor EM to the output shaft GA 1s shown with
arrows. In order to achueve a higher overall ratio, 1n a manner
analogous to FIG. 2, the clutches of the first gear G1 assigned
to the first mnput shaft GE1 are engaged, as are those of the
reversing stage R, which are assigned to the second input
shaft GE2. Using the ratio values in FIG. 7 produces the
elfective overall gear ratio:

— : - < r 3/ —
N g~ 1) ig o Mip—1s,” g1 Tlg——17.0,

whereby the electric motor EM, 1n relation to the rotational
direction of the driveshait 4 of the internal combustion engine
VM, rotates in reverse with forward starting, and 1n a forward
direction with reverse starting.

In the embodiment of the hybrid drive train 3.2 according
to FIG. 9, in contrast to the variation according to FIG. 7, a
brake B1, B2 is arranged, in each case, on each of the two
countershafts VG1, VG2 by means of which the countershatit
concerned VG1, VG2 can, 1n each case, be stopped in relation
to a component 13 that 1s fixed to the housing. The brakes B1,
B2 are structurally 1dentical to the gear clutches of the gears
(1 to G6 and the reversing stage R 1n terms of structure and
arrangement, and 1n terms of control technology are mncorpo-
rated 1nto the actuation of the gear clutches. The second brake
B2 is arranged on the second countershait VG2 and 1s com-
bined, 1n a common shift pack S4™, with the gear clutch of the
fourth gear G4, whereas the brake B1 1s arranged separately
on the first countershatt VG1. The two brakes B1, B2 are
preferably alternately engaged, in electric-motor driving
operation, 1n order to support a rotational torque that 1s trans-
mitted, 1n each case, via the other input shait GE1, GE2, or by
the countershaft VG1, VG2, which leads, in each case, to
either the ring gear H or the planet carrier PT of the planetary
gearset 9 being mechanically stopped. In this way, energy 1s
conserved 1n the planetary gearset 9 for reciprocal support
and the associated 1dle power 1s avoided.

REFERENCE SIGNS

1.1 Hybnd drive train
1.2 Hybrid drive train
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2.1 Hybnd drive train
3.1 Hybnd drive train
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7' Transmission

8 Differential transmission

9 Planetary gearset

10 Intermediate gearwheel

11 Fixed gear

12 Fixed gear

13 Component fixed to the housing
14 Fixed gear

15 Fixed gear

B Brake of EM

B1 First brake of V(G1

B2 Second brake of VG2

EK Input constant of EM

EK1 First input constant of stator, VG1
EK2 Second input constant of stator, VG2
EM Electric motor

EM' Electric motor

(G1-G6 (forward) gear

GA Output shait of stator

GE1 First input shaft of stator, VG1
GE2 Second 1put shaift of stator, VG2
H Ring gear of gearset

1 Ratio

1.~ Ratio of EK

1.~ Ratio of EK1

1.~ Ratio of EK2

1+ Ratio of the gearwheel set of GE1
1.+ Ratio of the gearwheel set of GE2
1; Ratio of the gearwheel set of G1
1., Ratio of the gearwheel set of GE2
13 Ratio of the gearwheel set of GE3
1, Ratio of the gearwheel set of GE4
1.s Ratio of G

1~ Ratio of the gearwheel set of G6
1, Ratio of the gearwheel set of R

1., Stationary ratio of the gearset

K Decoupler

M., Torque of EM

Mz, ... Maximum torque of EM

M., Torque of VM

M., . Maximum torque of VM
n Rotational speed

n.,, Rotational speed of EM
n. , Rotational speed of GA
n,, Rotational speed of H
n,-Rotational speed of PT

n. Rotational speed of S

P Planetary gear of gearset

PT Planetary carrier of gearset
R Reversing stage

S Sun gear of gearset
S1 Shift pack

S2' Gear clutch
S3 Shitt pack
S3' Shift pack
S4 Shitt pack
S4' Gear clutch
S4" Gear clutch
S4™ Shift pack
V(1 First countershatt of stator
V(G2 Second countershalt of stator
VM Internal combustion engine
The invention claimed 1s:
1. A hybrid drive train of a motor vehicle comprising:
an 1ternal combustion engine (VM) with a driveshatt (4),
an electric motor (EM) with arotor (6) that 1s operable as an
engine and as a generator,
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a multi-stage transmission (7) with first and second nput
shafts (GE1, GE2) and an output shatt (GA),

a differential transmission (8) 1n which at least one of the
first and the second input shafts (GE1, GE2) 1s con-
nected to the driveshait (4) by an assigned decoupler

(K), and both the first and the second input shatts (GEI1,

GE2) being selectively connected by alternately
assigned gearwheel sets of different ratios and in each
case one assigned gear clutch to the output shait (GA),
the differential transmission (8) being a simple planetary
gearset (9) 1s arranged coaxially about the first mput
shaft (GE1), a ring gear (H) being connected, 1n a rota-
tionally fixed manner, to the first input shatt (GE1), a
planet carrier (PT) being connected 1n a rotationally
fixed manner to the second 1nput shatt (GE2), and a sun
gear (S) of the planetary gearset having a drive connec-
tion with the rotor (6), only the first input shaft (GE1)
which 1s connected, in a rotationally fixed manner, with

the ring gear (H) which 1s connectable, by a decoupler
(K), to the driveshatit (4), and

the multi-stage transmission (7) being a countershait trans-
mission with a coaxially adjacent arrangement of the
output shaft (GA), and first and second countershatts
(V(G1, VG2) which have, 1 each case, a drive connec-
tion with one of the first and the second mnput shaftts
(GE1, GE2) by an 1mnput constant (EK1, EK2), the gear-
wheel sets of which are respectively arranged alternately
on the first countershaft (V(G1) and on the output shaft
(GA), and the second countershatt (V(2) and the output
shaft (GA).

2. The hybnid drive train according to claim 1, wherein the
clectric motor (EM) 1s coaxial with the first input shaft (GE1),
and the rotor (6) of the electric motor (EM) 1s connected 1n a
rotationally fixed manner with the sun gear (S) of the plan-
ctary gearset (9).

3. The hybnid drive train according to claim 2, wherein the
clectric motor (EM) has a maximum torque (Mz,, . ).
which corresponds at least to a part of maximum torque
(M., ....) of the internal combustion engine (VM) that 1s
produced with a stationary gear ratio (i) of the planetary
gearset My, . >=1/1.* M, ).

4. The hybrid drive train according to claim 1, wherein the
clectric motor (EM') 1s arranged axially parallel to the first
input shaft (GE1), and the rotor (6) of the electric motor (EM')
has a drive connection to the sun gear (S) of the planetary
gearset (9) via an input constant (EK) with aratio (1., greater
than 1 (1,>1.0).

5. The hybnid drive train according to claim 4, wherein the
clectric motor (EM') has a maximum torque (Mz,, . ).
which corresponds to at least part of a maximum torque
(M;.., .. ) of the internal combustion engine (VM) that
is formed by a product of the ratio (i..) of the input
constants (EK) of the electric motor (EM) and the stationary
gear ratio (15,) of the planetary gearset (Mga, 0™
M, 15)*Mpas ma)-

6. The hybrid drive train according to claim 1, wherein a
controllable brake clutch (B) 1s arranged between the sun gear
(S) of the planetary gearset (9) of the rotor (6) of the electric
motor (EM) and a component (13) that 1s fixed to a housing
for providing stationary support for a transmitted torque.

7. The hybnid drive train according to claim 1, wherein the
gearwheel sets for odd gears (G1, G3, G5) are arranged on the
first countershait (V(G1) and on the output shaft (GA), and
gearwheel sets of even gears (G2, G4) and a reversing stage
(R) are arranged on the second countershait (V(G2) and on the

output shaft (GA).
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8. The hybrid drive train according to claim 1, wherein the
input constants (EK1, EK2) of the first and the second coun-
tershatts (VG1, VG2) each have ratios (1., 1IEK2) that 1s
greater than one (1..->1.0; 1..,>1.0).

9. The hybrid drive train according to claim 1, wherein each
of the gearwheel sets comprises a fixed wheel that 1s con-
nected 1n a rotationally fixed manner with the output shaft
(GA) and an 1dler wheel that is rotationally arranged on the
associated countershait (VG1, V(G2), and the idler wheels are
connected by an assigned gear clutch to the associated coun-
tershaft (VG1, VG2), and the gear clutches are combined in
pairs 1n common shift packs (51, S3, S3', S4).

10. The hybnd drive train according to claim 1, wherein at
least one gearwheel set arranged on the first countershatt
(V(G1) and on the output shaft (GA), as well as one gearwheel
set arranged on the second countershait (VG2) and on the
output shait (GA) are arranged 1n a same axial position, and
have a common stationary wheel (11, 1, 14).

11. The hybrid drive train according to claim 1, wherein
one direct gear clutch (S2') 1s arranged between one of the first
and the second input shafts (GE1, GE2) and the output shatit
(GA).

12. The hybnid drive train according to claim 1, wherein, a
controllable brake clutch (B1 or B2) is provided on each of
the first and the second countershafts (VG1, VG2) for con-
necting to a component (13) that 1s fixed to the housing for
supporting a torque that 1s transmitted, 1n each case, by the
other of the first or the second 1nput shatt (GE1, GE2).

13. The hybrid drive train according to claim 12, wherein
the brake clutches (B1, B2), are constructed 1n a same manner
as gear clutches and are incorporated in terms of control-
technology into actuation of the gear clutches, in terms of
construction and arrangement.

14. A method of controlling a hybrid drive train of a motor
vehicle which comprises an internal combustion engine
(VM) with a driveshait (4), an electric motor (EM) with a
rotor (6) that 1s operable as an engine and as a generator, a
multi-stage transmission (7) with first and second 1input shaifts
(GE1, GE2) and an output shait (GA), a differential transmis-
s10n (8), in which at least one of the first and the second 1nput
shafts (GE1, GE2) i1s connected to the driveshait (4) by an
assigned decoupler (K), both of the first and the second 1mnput
shafts (GE1, GE2) 1s connected selectively by alternately
assigned gearwheel sets of different ratios and in each case
one assigned gear clutch to the output shaft (GA), and 1n
which the differential transmission (8) 1s a simple planetary
gearset (9) that1s arranged coaxially about the first input shatt
(GFE1), a ring gear (H) of which 1s connected 1n a rotationally
fixed manner to the first input shait (GE1), a planet carrier
(PT) of which 1s connected 1n a rotationally fixed manner to
the second input shait (GE2), and a sun gear (S) of this
planetary gearset has a drive connection with the rotor (6),
only the first mput shait (GE1), which 1s connected 1n a
rotationally fixed manner with the ring gear (H) 1s connect-
able to the driveshatt (4) by means of a decoupler (K), and the
multi-stage transmission (7) 1s a countershait transmission
with a coaxially adjacent arrangement of the output shaft
(GA), and first and second countershafts (VG1, VG2) which
have, 1n each case, a drive connection with one of the first and
the second mnput shaits (GE1, GE2) by an input constant

(EK1, EK2), the gearwheel sets of which are respectively

arranged alternately on the first countershaft (V(G1) and on
the output shait (GA), the second countershaft (V(G2) and the
output shait (GA), the method comprising the steps of:
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disengaging the decoupler (K),

engaging a gear clutch of a gear assigned to the first input
shaft (GE1) and a gear clutch of a gear assigned to the
second 1nput shaft (GE2), and

then accelerating the rotor (6) of the electric motor (EM)

during motor operation to start driving with the electric
motor.

15. The method according to claim 14, further comprising
the step of selecting two gears to be engaged depending on the
load when starting.

16. The method according to claim 135, further comprising
the step of engaging the gear clutch of the lowest gear (G1) of
the first input shaft (GE1) and the gear clutch of the reversing,
stage (R) of the second input shatt (GE2) when the motor
vehicle has a high load at the point of starting, and

accelerating the rotor (6) of the electric motor (EM) 1n

relation to a direction of rotation of the driveshait (4) of

the 1nternal combustion engine (VM) 1n reverse when

starting 1n a forward direction, and accelerated forward
when starting in reverse.

17. The method according to claim 14, further comprising
the step of engaging the gear clutch of the lowest gear (G1) of
the first input shaft (GE1) and the gear clutch of the highest
gear (G4) of the second mput shaft (GE2), when the motor
vehicle has a medium starting load, and accelerating the rotor
(6) of the electric motor (EM) 1n relation to a direction of
rotation of the driveshait (4) of the internal combustion
engine (VM) 1n reverse when starting in a forward direction
and 1n a forward direction when starting 1n reverse.

18. The method according to claim 14, further comprising
the step of engaging the gear clutch (S2') of the highest gear
(G5) of the first input shait (GE1) and the gear clutch of the
lowest gear (G2) of the second 1nput shait (GE2), when the
motor vehicle has a low starting load, and accelerating the
rotor (6) of the electric motor (EM), in relation to a direction
of rotation of the driveshatt (4) of the internal combustion
engine (VM) 1n forward when starting in a forward direction
and 1n reverse when starting in a reverse direction.

19. The method according to claim 14, further comprising
the step of engaging a brake (B1) assigned to the first input
shaft (GE1) mstead of the gear clutch of the first input shaift
(GE1) and a brake (B2) assigned to the second input shaift
(GE2) 1nstead of the gear clutch of the second input shaft
(GE2).

20. The method according to claim 14, further comprising
the step of supporting the electric motor (EM) with a runming
internal combustion engine (VM) 1n terms of drive technol-
ogy by at least partial engagement of the decoupler (K) of the
internal combustion engine (VM).

21. The method according to claim 14, further comprising
the step of impulse-starting the internal combustion engine
(VM) when the internal combustion engine (VM) 1s shifted
off by engaging the decoupler (K) when a predefined mini-
mum rotational speed of the internal combustion engine
(VM) 1s etther reached or exceeded on the first input shaift
(GE1) of the internal combustion engine (VM).

22. The method according to claim 14, further comprising,
the step of engaging the decoupler (K) when a predefined
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rotational speed of the internal combustion engine (VM) 1s
reached by the first input shaft (GE1) to assume load by the
internal combustion engine (VM) and, 1n a temporally over-
lapping manner, increasing the torque of the internal combus-
tion engine (VM) and reducing the torque of the electric
motor (EM).

23. The method according to claim 14, turther comprising,
the step of engaging a brake (B) assigned to the electric
machine (EM) to have stationary support of a torque trans-
mitted via the second 1nput shaft (GE2).

24. The method according to claim 14, turther comprising,
the steps of engaging the gear clutch of the lowest gear (G2)
ol the second nput shaft in order to start up the vehicle 1n a
forward direction using the internal combustion engine, after
the mternal combustion engine (VM) has been started and
engaging the gear clutch of the mverting stage (R) of the
second mput shaft 1s engaged to start the vehicle 1n a reverse
direction and subsequently, engaging the decoupler (K), and
aiter that, decelerating the electric machine (EM), 1n genera-
tor operation with a simultaneous increase 1n the torque of the
internal combustion engine (VM) and the generator torque of
the electric machine (EM), until the electric machine (EM)
comes to a standstill.

235. The method according to claim 24, turther comprising,
the step of the turther accelerating the electric machine (EM),
in motor operation, until the gear clutch of a next-higher gear
(G3) of the first input shait (GE1) reaches synchronous opera-
tion, engaging the gear clutch of the gear (G3), and then
shifting the electric machine (EM) without power, and disen-
gaging the gear clutch of the lowest gear (G2) of the second
input shaft (GE2).

26. The method according to claim 14, further comprising
the step of accelerating the countershaft (GV?2) of the target
gear using the electric machine (EM) until the synchronous
rotational speed of the gear clutch of the target gear (G4) 1s
reached 1n internal-combustion engine operation, with a gear
change from a gear under load (G3) of the first input shaft
(GE1) into a target gear (G4) of the second input shait (GE2),
engaging the gear clutch of the target gear (G4), and increas-
ing the supporting torque of the electric machine (EM) until
the gear clutch of the gear under load (G3) 1s disengagable
without power.

277. The method according to claim 14, further comprising,
the step of imtially decelerating the countershait (GE1) of the
target gear (G3, GS5) by means of increasing the supporting
torque of the electric machine (EM) through an upshift until
the synchronous rotational speed 1n the gear clutch of the
target gear (G3, G3) 1s reached during internal-combustion
motor drive operation, with a gear change from a gear under
load (G4) of the second 1nput shait (GE2) into a target gear
(G3, G5) of the first input shait (GE1) and accelerating the
clectric machine with a downshiit by reducing the torque of
the electric machine (EM), engaging the gear clutch of the
target gear (13, G3), shifting the electric machine (EM) with-
out power, and disengaging the gear clutch of the gear under
load (G4).
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